up to 80-100%. In addition, neurological sequelae may reach up to 79% unless the proper treatment is initiated immediately. Seizure is the most common neurological sequela among survivors and particularly observed in patients with frontal brain abscesses (21, 25) .
For all these reasons, it is crucial for clinicians to be aware of those subtle signs of this uncommon but serious infectious disease, especially in the risk group, in order to provide an outcome without neurological sequela. Although there ıs a reasonable number of reports regarding brain abscess in adult populations, literature data on pediatric cases are unsatisfactory.
In this study, we analyzed the characteristics of our pediatric patients diagnosed with brain abscesses and aimed to identify the possible predictive factors on their neurological outcome in the early post-treatment period.
█ mATERIAl and mEThODS
This study was a retrospective analysis of 31 pediatric patients with the diagnosis of brain abscess between January 2000 and December 2015, during a 16-year period at Istanbul University, Faculty of Medicine, Pediatric Infectious Disease and Clinical Immunology Departments. The characteristics of the patients, predisposing conditions, presenting symptoms and clinical findings, laboratory evaluation, radiological examination including cranial computed tomography (CT) and/ or cranial magnetic resonance imaging (MRI), microbiological analysis, treatment strategies, type and duration of antibiotic therapy, and final outcomes were gathered from patient files.
Definition
Brain abscess was defined as intraparenchymal collection of purulent material seen on cranial CT and/or MRI, which is surrounded by a contrast rich peripheral ring together with perilesional edema plus either of the following; positive blood cultures, positive culture of abscess material and histopathological confirmation. Subdural and epidural collections were excluded.
laboratory and Radiological Evaluation
Laboratory evaluations including absolute leukocyte count, C-reactive protein (CRP) values were recorded. Leucocytosis was defined as white blood cell count 2SD above age-related normal values (23) . CRP levels >5mg/L were accepted as high. Microbiological analysis included the routine aerobic and anaerobic bacteria, mycobacteria and fungi cultures of abscess materials obtained during surgery, blood and cerebrospinal fluid (CSF) obtained by lumbar puncture or external drainage in selective cases or by external drainage. In children with preliminary diagnosis of tuberculosis, gastric lavage fluid culture for Mycobacterium tuberculosis (MTB) was also obtained. In addition, histopathological examination of surgical materials and central nervous system radiological evaluation were performed routinely. Data regarding the localization, size and the number of abscesses, presence of multiple abscesses, perilesional edema and shift were recorded from radiology reports.
Outcome
Patients were divided into two groups according to their Glasgow Outcome Scale (GOS) score at the end of the treatment. GOS is scored according to following clinical situations; death "1", unresponsive status for weeks or months or until death "2", dependent for daily support by reason of mental or physical disability or both "3", able to work in a sheltered environment and travel by public transportation "4", resumption of normal life; there may be minor neurologic and/ or psychological deficits "5". The patients defined as having "good outcome" were the ones with GOS score 5. GOS score 1, 2, 3 and 4 constituted the "unfavorable outcome" group (26) .
Statistical method
Statistical analysis of data was performed with the Statistical Package for Social Science (SPSS) for Windows version 21.0 (SPSS 21.0, SPSS Inc. USA). Analysis of normality was performed using Shapiro-Wilk and Kolmogorov Smirnov tests. The data were expressed as mean, standard deviation, median, the lowest-the highest value, frequency and percentage. Categorical and numerical variables between groups were compared by using the "Fisher chi-square" and "independent sample t-tests" respectively. Statistical significance limit were accepted as p<0.05. The most significant predictors of unfavorable neurological outcome by univariate analysis were chosen. Variables with a p value <0.05 in univariate analysis were chosen to perform logistic regression analysis for estimation of independent risk factors.
█ RESulTS

Initial Presentation
A total of 31 patients (22 male, 71%) with a median age at diagnosis of 84 months (range, 1-202 months) were enrolled in our study. Average duration of symptoms before presentation was 5 days (range, 1-60 days). General characteristics of our patients were detailed in Table I . The most common presenting symptom was fever, being encountered in 71% of the patients (n=22), followed by FND (n=17, 54.8%), vomiting (n=14, 45.2%), headache (n=13, 41.9%), seizure (n=13, 41.9%), change in mental status (n=12, 38.7%) and visual disturbance (n=2, 6.5%).
On admission, 6 patients (19.4%) had a positive meningeal irritation sign and 5 patients (16.1%) presented with cranial nerve palsy. Papilledema and ataxia were encountered in two patients (6.5%) each. Of all patients, 6 children (19.4%) presented with the classical triad of brain abscess (fever, headache and FND). Glasgow coma scale (GCS) score was <12 at the time of presentation in 12 patients (38.7%). Among the patients with good neurological outcome, the incidence of vomiting and the number of children with GCS≥12 were significantly high (p values are 0.008 and 0.001, respectively). On the contrary, the presence of FND on admission was more common among the patients with an unfavourable outcome and this was statistically significant (p=0.001) (Table II) . Seven patients (22.6%) had leucocytosis whereas 21 children (67.7%) presented with increased CRP levels. Neither of these conditions was found to be a predictor for neurological outcome.
Predisposing Condition
Twenty-four patients (77.4%) had predisposing factors for brain abscess. These were a history of chronic otitis (n=4, 12.9%), chronic sinusitis (n=4, 12.9%), penetrating head injury (n=4, 12.9%) and malignancy (n=4, 12.9%). The malignancies were acute lymphoblastic leukemia (ALL) (n=2, 6.4%), congenital teratoma (n=1, 3.2%) and operated brain tumor (n=1, 3.2%).
One patient was diagnosed with primary immune deficiency (PID) whereas 3 patients (9.6%) had a secondary immune compromising disorder other than malignancies. Among these, one patient had Human Immunodeficiency Virus (HIV) infection, one patient was under immunosuppressive therapy for liver transplantation, and the last patient was on long-term steroid therapy for autoimmune hemolytic anemia (AIHA). History of premature birth and hydrops fetalis was encountered in a 3-month old boy and 18-month old female presented with brain abscess during meningococcemia. Cyanotic congenital heart disease (CCHD) was rare which was present in two patients (6.4%). No underlying predisposing condition could be encountered in 7 children (22.6%). All of the patients with history of chronic sinusitis as the predisposing factor had a good final neurological outcome in the end (p=0.018).
Hematogenous spread was the most common route for brain abscess (n=14, 45.2%) and it was significantly more common among the patients with an unfavourable outcome (p=0.019). Contiguous extension from a primary infectious focus was encountered in 8 patients (25.8%) whereas traumatic insemination was the possible cause in 4 children (12.9%).
The dissemination route could not be determined in 5 children (16.1%).
Properties of the Abscesses
All patients underwent a head CT and/or cranial MRI. Twelve patients (38.7%) had multiple abscesses at the time of presentation. The frontal region (n=12, 38.7%) and the parietal lobe (n=7, 22.6%) were the most common localizations for brain abscesses. Less common regions were the temporal lobe, occipital lobe and cerebellum (n=4, 12.9%, each). The size of the abscess was ≥2.5 cm in diameter in 61.3% (n=19) of the patients. No distinction was found between patients with good or unfavourable outcome, in relation to size and location of the abscesses, number of abscesses, presence of intracranial edema or parenchymal shift. The former was encountered in a 16-year old boy with history of AHA and an 8-year old male with no known predisposing condition presented with occipital lobe abscess that yielded Acanthamoeba on histopathological examination.
Treatment
All patients were treated with parenteral antibiotherapy with a median duration of 73 days (range, 28-540 days). In general, broad spectrum antibiotics, a 3 rd generation cephalosporin (ceftriaxone or cefotaxime) plus vancomycin and metronidazole combination or vancomycin plus meropenem were preferred. The antibiotherapy was adjusted according to antibacterial susceptibility of the detected microorganism. Ciprofloxacin was the treatment of choice when tapering oral therapy. Initial four-drug regimen including isoniazid (INH), rifampicin (RIF), pyrazinamide (PZA) and ethambutol (ETM) for 2 months, continued by INH and RIF up to 540 days, was administered complications of otogenic infections have decreased in frequency in developed countries as a reflection of early and proper management of otitis media, although the same is not true for chronic sinusitis (8, 27) . Carpenter et al. claimed that brain abscesses resulting from a contiguous focus had a better prognosis (7) . This data supports our finding that the presence of chronic sinusitis on admission was correlated with a good outcome. This is reasonable since the presence of chronic condition and co-morbidity was high among our study patients. In positive correlation with increased incidence of patients with immune suppression throughout the world, 25.8% of our patients had an immune compromising disorder such as malignancy (12.9%), PID (3.2%), HIV infection (3.2%) and use of immunosuppressive therapy for other reasons (6.5%). The course of infection in this population usually presents with high mortality. In the present study, two patients (6.5%), both with underlying immunosuppressive diseases, died during the follow-up period.
Cyanotic congenital heart disease has been determined as a risk factor for children, and declared as the most common disorder in some studies (12) . The underlying mechanism is accepted as the presence of ischemic areas in the brain together with increased hemoglobin levels. In the presence of right-left shunting, microorganisms that entered the systemic circulation cannot be cleared within the alveoli (14,16). The rate of CCHD was 6.5% in our study cohort, being far below the previous pediatric reports (6, 15, 20) . This may reflect the success of prophylactic antibiotic therapy for infective endocarditis in the risk group as well as the improvements in the operative repair of CCHD (5, 16) .
Numerous pathogens can cause brain abscesses depending on the primary site of infection, the age of the patient and the immune status of the host. A meta-analysis of 9699 patients from 123 studies revealed that in 73% of the pediatric cases the positive culture was monomicrobial, most frequently Streptococcus (36%) and Staphylococcus spp (18%) (21) . Gram-negative bacteria, encountered in the postsurgical period, following head trauma or otogenic infections are found less often (16%) (4, 21) . Although the surgical material is the most valuable specimen, pus cultures may be sterile in approximately one third of the cases regardless of prior antibiotic use (3). That was also valid for our study and in 38.7% of the cases no underlying pathogen could be detected.
Results of our culture-positive patients were consistent with literature data except for MTB, which was more frequent in our study (9.6%) (21).
The treatment of brain abscesses requires long-term antimicrobial therapy together with surgical intervention. Medical therapy alone can be considered in single or multiple small Surgical intervention could not be performed since his medical condition was inappropriate. The other patient had a history of liver transplantation and was on massive immunosuppressive therapy. The etiologic agent could not be determined and he was lost although aspiration had been performed. There was no statistical difference between the medical or surgical treatment, or among any of the surgical methods in terms of neurological outcome. GCS score less than 12 and presence of focal neurological deficit on admission were found to be independent risk factors for unfavourable neurological outcome in the early post-treatment period (Table III) .
█ DISCuSSION
Pediatric brain abscess, although rare, is a serious infectious disorder that may have devastating consequences unless diagnosed and treated effectively. The non-specific and obscure manifestations of the disease, especially in small children, leads to diagnostic difficulties and unfavourable neurological outcomes. Several studies have reported headache, fever and altered mental status as the most common presenting symptoms. The incidence of fever exhibits variability among different studies (6, 11, 18, 20) . Meyouhas et al. reported that 81% of the patients had fever at the time of presentation (18) . Fever was also the most common presenting symptom in our study (n=22, 71%). However, since it is very frequent in the pediatric age group, the presence by itself cannot be a reliable sign (10) . In addition, secondary to the localized nature of the disease, fever is not the absolute but may be the supporting evidence together with other signs of increased intracranial pressure. Other presenting symptoms in descending order of frequency were FND, vomiting, headache, seizure and change in mental status. The incidences were compatible with the reports of previous studies (6, 18, 20) . Vomiting, as a reflection of increased intracranial pressure was significantly more common among our patients with a favorable outcome. This may be attributable to early detection of the disease because of increased suspicion for underlying cranial pathology. The combination of fever, headache and FND, the classic triad which is an important diagnostic clue for adults, is nonspecific and obscure in children. The incidence is reported as less than 20% in several studies, similar to our result, being encountered in 19.4 % of all study patients (18, 20, 26) .
Brain abscesses arise secondary to contiguous extension of an infectious focus, mainly chronic otitis media, sinusitis and odontogenic infection, hematogenous dissemination of microorganisms, or trauma. The direct spread of organisms account for 20-60% of the cases, whereas the source of the infection cannot be determined in 15% of the cases (9, 12) . Consistent with the previous data, the number of patients with contiguous infection was 25.8% in our study. Intracranial Carpenter et al., in their study, mentioned that the patients with underlying cranial neoplasms or medical conditions had worse outcome than contiguous spread (7). Other unfavourable factors were determined as rapid progression of the infection before treatment, presence of multiple abscesses, coma, inadequate treatment, and specific organisms (e.g., Aspergillus species, other fungi, Pseudomonas and Nocardia) in various series (19, 22, 24, 25) . In our study, the presence of FND on admission was found as an indicator for unfavourable outcome. Consistent with this finding, 64.7% of patients with unfavourable outcome had GCS score <12 at the time of presentation. When the possible dissemination route was considered, the presence of hematogenic spread was correlated with poorer outcome. No possible correlation was obtained between the size, location, number of the abscesses, or presence of intracranial edema and parenchymal shift among patients in terms of neurological sequelae.
█ CONCluSION
Brain abscesses are rare but serious infectious disorders and harder to diagnose in children due to the subtle clinical signs. New onset headache, mental status change in addition to fever and signs of increased intracranial pressure should raise the suspicion of brain abscess. Early intervention and appropriate therapy remains the major determinants of patients' outcome. Although medical treatment alone can be preferred in selective cases, surgical intervention is indispensable.
